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NOTATION
Disk area of propeller, 7 B2

Power coefficient, p= 2nnQ/ -g- 4, VA3

Thrust losdin~ coefficient, Cp =T /< 4,V?

Section chord length
Propeller diameter

Section camber

Acceleration due to gravity
Hydrostatic head at shaft centerline minus vapor pressure
Inception of face vortex cavitation

Inception of tip vortex cavitation

Advance.coefficient, J = V, /nD

“Torqie coefficient, K 0 =Q7/pn?D%

Thrust coefficient, Ky = T /pn? D4

Propeller revolutions per unit time, positive forward
Propeller.section pitch

Power delivered to the propeller

Propeller torque, positive in directior rotating propeller forward

Propeller radius

0.7 V2 + (0.TwaD)>?

1 4

Reynolds number at 0.7 R, R”o . "

Radial distance from propeller axis
Propeller thrust, positive in direction propelling ship forward

Maximum thickness of propeller blade section
Speed of advance of propeller, positive forward

Ship speed
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ABSTRACT

Cavitation tunnel. and open-water results are presented for a series of
skewed propellers-that were designed by tifting-surface methods. The four model
propellers had maximum projected skew at the blade tip equal to 0, 36, 72, and
108 deg. The results showed that-the cavitation-free buckét becomes sub-
stantially wider with increasing skew; however, there was some crossover in
the inception of back cavitation and tip vortex cavitation among the three skew-
ed designs near design advance coefficient. Near the self-propulsion condition,
the propellet ‘with.36 deg of skew had the highest cavitation inception speed.
Forward open-water propulsion performance including liit effectiveness and per-
formance f;’iégkdqwn due to cavitation were substantially the same for the four
propellers. All.four:propellers developed the design thrust loading coefficient
withia 1 percent of design rom in open water. At constant power and thrust load-
ing coefficients, the backing speed decreased slightly with increasing skew

(respectivé r2ductions of 1.5, 8.0, and 12.5 percent for 36, 72, and 108 deg of
skew).

ADMINISTRATIVE INFORMATION

The work reported herein was conducted in 1968. Financial support was furnished
mainly by. the Maritime Administration, Pacific Far Fast Lines, Prudential Lines, Inc., and
Friede and Goldman, Inc. Friede and Goldman, Inc. administered the funding under the de-
velopment program for the LASH Cargo vessels. The backing tests were performed under the
in-house independent research program of-the Naval Ship Research and Development Center
(NSRDC) and funded under Subproject ZR011-0101.

INTRODUCTION

Interest in highly skewed propellers for surface ships was stimulated by a previous
NSRDC investigation with a highly skewed research model propeller. That investigation in-
dicated appreciable benefits from the use of blade skew, e.g., substantial reductions in pro-
peller force and moment fluctuations? and improved tolerance to the inception of cavitation
caused by fluctuations in angle of attack due to operation in a wake.? Since there was no
deterinration in propulsion characteristics, i.e., efficiency and thrust and torque breakdown
due to cavitation, it appeared feasible to consider the use of propeller blade skew as a meth-
od of improving propeller cavitation erosion and vibration characteristics without handicap-

ping powering performance. In view of the limited knowledge regarding the effects of various
|

1References are listed on payge 34.
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amounts of skew, however, a parametric stuéy was considered necessary prior to mai(ing any
definite performance and cavitation predictions for skewed propellers.

In this subsequent parametric study, a series of four propellers was designed, built to
model scale, and tested. This report presents the design, open-water performance, and cavita-
tion performance of these propellers. In another phase of the systematic study of skew, these
model propellers were used to investigate the effect of skew on unsteady propeller bearing
forces and moments due to operation in a nonuniform flow field® and propeller-induced pres-
sures.* A summary of all these results was presented by Cox and Boswell.®

Except as previously noted,2 no data were found in the literature on the effect of skew
-on cavitation. Shibaﬁl‘specula’ted—that-skew~would*delay the-inception-of-cavitation,-but:he-
presented no data to substantiate his speculation. Delano and Harrison’ experimentally ob-
served that large amounts of skew on aircraft propellers delay the onset of adverse compress-

ibility effects, which may be analogous to the cavitation effects on marine propellers.

PROPELLER DESIGNS-

Four propellers were designed using the lifting-surface procedure of Cheng® together
with thickness corrections of Kerwin and Leopold.? The conditions for which these propel-
lers were designed are typical of container ships or single-screw destroyer-typz ships. The
four propellersihad five blades and maximum skew angles (measuréd in the plane of the propel-
ler disk) of 0, 36, 72, and 108 deg. These angles correspond to 0, 0.5, 1.0, and 1.5 times the
blade angular spacing. All parameters except skew (and pitch and camber corrections due to
skew) were held constant for the four designs.

It is emphasized that the pitch correction due-fo skew is very substantial and that a
skewed propeller with the desired radial distribution of loading can be designed only by the
use of lifting-surface techniques. To the writer’s knowledge, these propellers are the first
model marine propellers so designed to methodically investigate the effects of skéw.

Blade stress was calculated by beam theory. The effect of skew on the stress due to
centrifugal forces was calculated using the method outlined by Schoenherr,!® The calculated
stress level increased moderately with skew. The radial thickness distribution and blade out-
line (identical for all propellers) was selected such that the geometry and calculated stress
of the propellers with 0, 36, and 72 deg of skew complied with requirements specified by the
American Bureau of Shipping,'?! i.e., maximum working stress of 9000 psi for manganese-
nickel-aluminum-bronze (superston 40 - grade 5). However, it was not clear whether the beam
theory adequately predicts the stress in highly skewed propellers. Accordingly, the steady
stress of a highly skewed propeller blade was investigated experimentally at NSRDC!2 (after
the designs of the propellers reported herein were completed). These results indicate that
full-scale prototypes of the propellers with 0, 36, and 72 deg of skew should possess adequate

o s o . AR o, A ¢ <~ -




-strength-from-the-point-of-view-of-steady-siress: ‘However the effect 6i Skew on unsteady

stress is not known. Since the existing strength data are very limited, NSRDC plans addi-
tional experimental and theoretical work on the effect of-skew on blade stress.

The principal design characteristics of the propellers are shown in Table 1 and’out-
line drawings of the propeller blades are given in Figure 1. Figure 2 is a photograph of the
four propellers.

»
’ TABLE 1
Geometry of Propellers
Number of Blades 5
Expanded Area Ratio 0.725
Section Meanline NACAa=038

NACA 66 with NSRDC modified

Section Thickness Distribution
’ nose and tail

DesignJ 0.889

Design OTh 0.534
/R tanf3; ¢/D t/c
0.2 1.8256 0.174 0.2494
0.3 1.3094 0.229 0.1562
0.4 1.0075 0.275 0.1068
0.5 0.8034 0.312 0.0768
0.6 0.6483 0.337 0.0566
0.7 0.5300 0.347 0.0421
0.8 0.4390 0.334 0.0314
0.9 0.3681 0.280 0.0239

Propeller 4381 (Skew = 0 Deg)

/R 0, (deg) P/D fy/e
0.3 0.0 13448 0.0368
0.4 0.0 1.3580 0.0348
0.5 0.0 13361 0.0307
0.6 0.0 1.2797 0.0245
0.7 0.0 1.2099 0.0191
0.8 0.0 11366 0.0148
0.9 0.0 1.0660 0.0123




TABLE 1 (Continued)
Propeller 4382 (Skew = 36 Deg)

/R 0, (deg) P/D fu’e
0.3 4.655 1.4332 0.0370
0.4 9.363 1.4117 0.0344
0.5 13.948 1.3613 0.0305
0.6 18.378 1.2854 0.0247

07 227471 T 1.1999- <} -0.0199-
0.8 27.145 .z 0.0161

0.9 31.575 1.0270 0.0134

Propeller 4383 (Skew = 72 Deg)

' /R 0, (deg) P/D fy’e
0.3 9.293 1.5124 0.0407
04 18.816 1.4588 0.0385
0.5 27.91 1.3860 0.0342
0.6 36.770 1.2958 0.0281
0.7 45.453 1.1976 0.0230
0.8 54,245 1.0959 0.0189
0.9 63.102 0.9955 0.0159

Propeller 4384 (Skew = 108 Deg)

/R 0, (deg) P/D fyle
0.3 13.921 1.5837 0.0479
0.4 28.426 1.4956 0.0453
0.5 - 42152 1.4087 0.0401
0.6 5509 | 13081 0.0334
0.7 68.098 1.1993 0.0278
0.8 81.283 1.0864 0.0232
0.9 94.624 0.9729. 0.0193
TEST PROCEDURE

Open-water propulsion tests of the four 1-ft-diameter model propellers were conducted
in the NSRDC deep-water basin; the propeller boat was instrumented with a gravity dyna-
mometer for the forward tests and with a transmission dynamometer for the backing tests.
The forward tests for all propellers were run at 7.8 rps and at speed of advance V, varying




e T

RIS

vl‘l!A

TN

4R v

e

T e

v
At A NG A a

from_8.0-t0-10,0-ft/sec;-permitting-operation-at=a-Reynolds- niumber ®, "0.7 from 6.1 % 10°"to
6.9 x 105, The backing tests for all propellers were run at -8.33 rps and at V , varying from
-3.0 to -9.5 ft/sec, permitting operation at R"o ) from 6.4 x 10° to 7.4 x 105,

The cavitation tests were conducted in the NSRDC 24-in. variable-pressure water tun-
nel in uniform flow using the open-jet test section and a downstream shaft driven by a 150-hp
dynamometer. Each propeller was tested over a range of advance coefficient J and cavitation
number o . For each advance coefficient, the tunnel water speed was calibrated by setting
thrust and rps based on the open-water test for the propeller. At each advance coefficient,
the cavitation test was conducted by starting from a noncavitating condition and reducing the
tunnel pressure (and thus. o).until_cavitation-appeared-and/or-until-the=cavitation-pattern chang-
ed signvificantly. The cavitation patterns at these pressures were photographed and sketched,
and the propeller thrust and torque recorded. The cavitation tests for all propellers were run
atn =14 to 20 rps and ¥, = 10 to 20 ft/sec, i.e., B, =1.38 x 10° to 2.44 x 10%. The total

air content, as measured with a Van-Slyke apparatus, was maintained at 25 to 30 percent of
saturation at atmospheric pressure.

TEST RESULTS

Figure 3 presents the forward open-water propulsion characteristics of the four propel-
lers. The variation of the open-water propulsion characteristics with skew was negligible.
Not only was the performance of the four propellers essentially the same at design condition,
but the lift effectiveness (slope of the curve of thrust coefficient K ; versus advance coeffi-
cient /) was substantially independent of skew. A comparison of experimental performance
with design conditions (Tables 2 and 38) revealed that all the propellers operated within 1 per-
cent of design rpm. All the variations between design and experiment were within manufac-
turing tolerance and experimental accuracy. The uniformly good agreement for all values of
skew confirmed the design technique for highly skewed propellers.

Figure 4 presents the backing open-water performance of the four propellers. Table 4
shows the effect of skew on steady backing speed at constant power and constant thrust load-
ing coefficient. These tables were computed by entering the backing open-water curves at
constant values of thrust loading coefficient, (,’Th =8Kp/ nJ% . At the corresponding ad-

vance coefficient J, the power coefficient €, = 27 nQ/ } pV3 4, = 16K /J3 was ob-
tained from the open-water curves. Constant power, Py, = 27n@, and diameter were speci-
fied; therefore the speed of advance for each propeller was V, = (Pp/ 1 pCP A0)1/3 . These

data show that backing speed decreased slightly with increasing skew and that the amount of
reduction was insensitive to the thrust loading coeificient in the region Cp =0.2to 1.6. The
backing speed with 36, 72, and 108 deg of skew were approximately 1.5, 8.0, and 12.5

5 percent
less respectively than the backing speed with zero skew.
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TABLE 2

Forward Open-Water Performance at Design
Advance Coefficient

(/] = 0.889)
Propelier Design Open Water Percent Difference
4331 Ky 0213 | 0.208 -23
0K 0 0.447 0.445 -0.4
T 0.673 0.661 -1.8
,4382 : KT -1- glg]g B A Qg?oé - “3'3
0K 0 0.447 0.440 ~-1.6
T 0.673 0.657 <24
w3 | ok, g o 0.214 +0.5
WK 0 0.447 0.460 +2.9
o 0.673 0.658 ~2.2
4384 Ky 0.213 0.208 -23
10K 0 0.447 0,446 -0.2
o 0.673 0.660 -19
TABLE 3
Forward Open-Water Performance at Design
Thrust Loading Coefficient
(Design conditions: 07}.: 0.534 and J = 0,889)
Experimental J .
Propeller at Design CT;, Percent Difference
4381 0.884 ~0.6
4382 0.881 ~-1.0
4383 0.890 +0.1
4384 0.883 -0.7
6




TABLE 4

Effect of Skew on Steady Backing Speed at Constant Power

V, (Skew=36dog) | V, (Skew=72deg) | V, (Skew= 108 deg)

“n V, (Skew= Odeg) | V,(Skew= Odeg) | V, (Skew= 0 deg)
0.2 0.983 0.898 0.871
0.4 0.9% 0.917 0.884
0.8 0.993 0921 0.885
1.2 0.987 0.920 0.877
16 | 09 L 098 0.871.

Figures 5a —5d show cavitation inception for the four propellers at various radii, and
Figure 6 compares the inception on the different propellers. Sketches and photographs of the
cavitation at selected advance coefficients and cavitation numbers are given in Figures Ta—-Te.
In general, the sheet cavitation on both back and face started near the tip and proceeded to
lower radii with decreasing cavitation number. On the two most highly skewed propellers,
back cavitation started near the tip and, at lower cavitation numbers, a separate cavity formed
at inner radii.

On Figures 5a—5d, a curve marked with one radius means that the propeller was cav-
itating from that radius to the tip. Curves showing the inception of the separate inner cavity
are marked with the radial extent of the inner cavity.

The leading-edge face cavitation for the skewed, propellers appears to be like a cavi-
tating vortex parallel to the leading edge and slightly removed from the blade surface (see
Figure Te). Back bubble cavitation started at essentially the same conditions on the four
propellers (same cavitation number at a given advance coefficient), and at nearly the same
cavitation number for all radii not covered by sheet cavitation. For the two most highly skewed
propellers, cavitation occurred along the trailing edge of the back of the blade near the hub.
For Propeller 4384 (skew = 108 deg), this was the first cavitation occurring in the range J =
0.95 to J = 1.2.

Comparison of the back and face sheet cavitation inception of the four propeliers (see
Figure 6) showed a substantial widening of the cavitation-free bucket with increasing skew.
However, some crossover in the inception of the back cavitation and tip vortex cavitation
occurred for the three skewed propellers such that at design advance coefficient, sheet cavi-
tation was delayed most on Propeller 4382 (skew = 36 deg).

Figure 8 presents the thrust and torque breakdown due to cavitation of the four propel-
lers. No systematic variation of thrust and torque breakdown with skew was apparent.




I T rm—

DISCUSSION

The reason for the widening of the cavitation-free bucket with increasing skew is not
clear. It has been suggested2 that this phenomenon may be somewhat analogous to the well-
known swept-wing effect.!® The two-dimensional swept wing reacts only to the component of
velocity normal to the leading edge and thus the leading-edge pressure peak and the lift effec-
tiveness decrease proportionally as the cosine of the sweep angle (for sections parallel to the
flow held invariant with sweep). This-analogy predicts that the propeller lift effectiveness
decreases substantially with increasing skew; however, the open-water tests clearly showed
that the lift effectiveness is essentially independent of skew in the range of advance coef-
ficient where cavitation data are reported. This difference in variation of lift effectiveness
suggests that the effect of propeller blade skew on cavitation-inception cannot be explained
by the swept-wing analogy. ’

It is hypothesized that the widening of the cavitation bucket with increasing skew is
due to a secondary flow which tends to equalize the pressure on the face and back along the.
leading edge of highly skewed propellers. It is well-known that such secondary flow takes
place at the blade tip. However, such a secondary flow could also take place along the lead-
ing edge, which is not perpendicular to the resultant flow,'* such as for highly skewed pro-
pellers. Such a flow could reduce the local suction peak at the leading edge and thus delay
leading-edge cavitation without measurably affecting the propeller thrust and torque.

Another possible explanation could lie in the variation with skew of induced velocities
(especially near the leading edge) at off-design advance coefficient /. The variation of in-
duced velocities with skew could produce progressively smaller pressure peaks at the leading
edge with increasing skew. At the same time, the lift (and thus propeller thrust and torque)
could remain essentially invariant with skew due to changes in induced velocities on regions
of the blade removed from the leading edge. This hypothesis can be checked when suitable
lifting-surface theories become available for accurately calculating detailed off-design propel-
ler performance,

Prior to full-scale trial evaluation, it is not believed that the scaling problém for lead-
ing edge cavitation on skewed propellers is different from that for unskewed propellers.

CONCLUSIONS

The following conclusions are drawn from the present study:

1. The design procedure is very satisfactory for highly skewed propellers. All four pro-
pellers operated within 1 percent of design rpm in open water.

2. The cavitation-free bucket becomes substantially wider with increasing skew. However,
some crossover in the inception of back cavitation and tip vortex cavitation occurred for the
three skewed designs near design advance coefficient, Hence, near the self-propulsion
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condition, the propeller with 36 deg of skew had.the highest.cavitation-inception=speed: ‘Face

cavitation inception speed increases monotonically with increasing skew at all advance
coefficients.

3. The forward open-water propulsion characteristics including lift effectiveness and per-
formance breakdown due to cavitation are insensitive to skew.

4. At constant power and thrust loading coefficient, the backing speed decreases slightly
with increasing skew. The backing speeds with 36, 72, and 108 degrees of skew were approxi-
mately 1.5, 8.0, and 12.5 percent less respectively than the backing speed with zero skew.
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Figure 1 — Blade Outlines of the Four Model Propellets
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Figure 1b — Propeller 4382, Skew 36 Degrees
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Figure 1d — Propeller 4384, Skew 108 Degrees

11




12

H
H
3
H

Figure 2 — Longitudinal View of the Skewed Propeller Series

P BT ] S g ke e 4 e P N o o PO R 4 - | . . S - .~
Arae S St T g atr T R N Dy e T i g N Sy et W At | oy T Bt et et R R o o PR D R R R A T R Y s

L

o T Gaddc i 2 o




it

W P &y W

LI eI

THRUST COEFFICIENT (K1), EFFICIENCY ("), AND TORQUE COEFFICIENT (10tg)

il
“w

Fd
o

(=4
~d

o
o

.O
o

e
>

03

0.2

0.1

Figure 3 — Forward Open-Water Characteristics of the Propellers

10 KQ]

PROPELLER 4381
SKEW = 0°

N

N

R, = 7.0 x 109
’ 0.7

D

N
e
%:uxw/;>
07 /

‘_4—*—’1/

rl ) /

0.1 0.2 03

04 0.5 0.6 07 0.8 0.9 10 1l
ADVANCE COEFFICIENT, J

Yigure 3a

13




e e

13

N
/
/

0.4

"
0.3

&
<« o
= 8 .
s |
s
ﬁﬂ \ =
x ; 3
o x =
a > \
[- —
»
S o
~ -
"o /
=
a K
- n
o
ler )
LN P »
P [
N \ <z
=
o
4 S &
m ;
-nnvu o
S
o O -
\.\ E %
»
3 =
\ "o <d
&<
—
=

0.2

i} hiac ~ ] w2 - e ~
= =] S (=3 =3 S 3 =3

10
0.1

—
/ [
*
i
- ) g
-
f

(Oyot) 1N3D143300 2NDHOL ANV *(Ok) AONIIOLISI (L) INIDIII300 LSNUHL

st ik Vg ey e SE AN NI NN e g et 2 L g ey iy




13

2
™
N \
o~
Wl
= /
. o= Vs -
u s¥ 2 B
i = X%] =]
: [- 8 »
o o
Lo —
1"
Rn

~
(3
{ o
| P
Lar]
S
2 g
© M«
o]
Q
N\ ~ &
S fx
g g
O @ v
[¥-2
A R me =
[ c.n..v/ MF
=
= -
,&, ow
" s
=
o
N -
i \ )
3 el
5 — =S
o
[
4 || :
=1 ] o~
/ B
\ =
\ \ -
- ~4 (=4
= S 3 a S S b= S 3 P o

e et e s = ey IR e e I e e Sxdi e




-
&
Tx —
% )
a -/
E \
=
n w. \
&
& ©
mm =
] i <« ~ rv.\ i - < o~ vy
-t [—3 o [ —) [~} o o [—) [—~3 (=1
Aozo: AN312144300 3nDHCL ONY ‘(°&) AONTID1443 .A.—.v: AN3I0144300 1SNHHL

09 10 L1 12 13 L4

0.8
ADVANCE COEFFICIENT, J

02 03 04 05 05 07

0.1

LE i Y I T e n A L Y

Figure 3d

16

AL a fon s m 225 e, i

SRR TP

hRBE T et

P




NEGATIVE THRUST COEFFICIENT (-K;), EFFICIENCY (no)

AND NEGATIVE TORQUE COEFFICIENT (-10 Kq)

0.9

08

0.7

0.6

0.5

o4

03

0.2

0.l

Figure 4 — Backing Open-Water Characteristics of the Propellers

PROPELLER 4381
SKEW = Q°

-10K

R =6.8x10°

A

N

™

0.

0.2

03 0.4 0.5

ADVANCE COEFFICIENT, J = o

Figure 4a

17

0.6

0.7 0.8

..VA

0.9 1.0

[,




s

PROPELLER 4882
SKEW = 36

= 6.8 x 10°

R
M0.7

A

= 6.4 x 10°

N

™.
N

/
N
/

R
0.7

/ «T\ AN

/

-10kg
*-.~\~P\~\‘

.0

0S8

o ~ © 0 < " N
o < o (o] o [o] o

AOv_ Ol=) UN3i121d44300 IANDYOL 3AILVO3IN OGNV
(oL) AON3D1243 ‘(43-) IN312134300 LSNHHL 3IAILVOIN

o.t

0.2 03 04 05 06 o7 0.8 0.9 1.0

0.

A
np

J =

ADVANCE COEFFICIENT,

Figure 4b

18

SuirstBeat rolas g oS du s



.

.o

h 2
‘ g @
i a
u "
o=
: = T 3
» < i
© \ ~ T _m
© o "
" -
J -~
o © =
o s &
o
e
")
. w
“ / .\ © o9
= L 0
Land b
x \ < o] 2 )
< ] c Z & ™
< X
p a *~
™~ ) <
Rﬂo N o
/ ]
o
il \ NS y
i ' = /
\ m
b (]
o i o] *~ © 0 < " o -
=g [} o o [} o o o ) (o]
AOX Ol1-) IN3IJ143302 3NDHOL 3IAILVOIN aNVv
(°) ADNIDI443 (43-) INIIDIAHT0D LSNUHL IAILYSIN
) ¢ e iy
X y s e s S it ST IR
’ S SIAMELMRGMIIIG 3. o i s g i T s

Y bl N b featr iDLy PAS Y o i A e s T L Ll L o o .
« o AT ATy S g SR T X g st en I s ot e ISR AR R T Sk A Sk B S 3Dy 2R Ly T
B I A R A T I A T T SR S SR A D F gl F T e W et AT, =



SKEW = 108°

PROPELLER 4384

= 6.7 x 10°

0.7

R

-IOKQ
—

1.0

0s

0S8
04
03
0.2

o ~ ©
(o] o (=]

(O3 01-) LN3I21334300 3INDYOL 3IAILVO3IN ONV
©L) AONIDNI23 .an.'v ANIIDNHS30D 1SNHHL 3ALLVIIN

0.l

1.0

0.2 03 0.4 0.5 0.6 0.7 08 0.9

o.t

-V

A
nD

Jd =

ADVANCE COEFFICIENT,

Figure 4d

2T {

G AB AT ey | s g B o e FI B S L e b A 5

“ER S

20

ETeVLR

s |




TR T

Eoe
FiES

~

LTRSS "W\“ L A

54

L S A A AT A i

oo

L S f et T TS

Sep e i T e

i FQUEET 7 aeopr S EA I Y ,‘(Ai;.{:s“w" v

AT P e gy 2 F

2

o e R B

FURVPIRRFIINE Y S

N A

e

LR

e e e e

Figure 5 — Cavitation Inception on the Propellers at Various Radii

129
\ BACK SHEET PROPELLER 4381
CAVITATION SKEW = 0°
10 \
N
100
2 N
90
\ \ \ AREA OF NO CAVITATION
80 \
d \ =0 x=09
& s \ x= 06
g ‘\ FACE SHEET
E \ CAVITATION
g o IV
= »
= \ \\ x=0.7 /
3 50
° \\ \\ x =06
49 \\ ﬂ\ /
\ :
N ~ 3 \\\ \N- DESIGN CONDITION / gy
BACK BUBBLEY \‘ -y / w4
10 A N\ = = =
- -
0
05 0.6 0.7 03 03 10 11 12 13
ADVANCE COEFFICIENT, J
Figure Sa
120
X PROPELLER 4382
11.0 SKEW = 36
\ \ \ BACK SHEET
AVITATI
0 \ \ \ CAVITATION
VTV, x = 0.6
9.0 \
0 \ \ \ AREA OF NO CAVITATION
. X
o x =l
&0
] )
2 x= 04 \
z 6.0 \
= \\ \IVW, x=09
E 50 A\
N
40 \
S\ o 0‘6\ i
30 +
\ + DESIGN CONDITION FACE SHEET /
20 \ s ) \\\ Y CAVITATION |
VTV (UNATTACHED)  x =0.]
10 = - — IVEV x =20.6
\ BACK BUBBL 7= = ——-
0 i |
05 06 0. 0.8 09 10 11 1.2 13
ADVANCE COEFFICIENT, J
Figure Sb
21




st ey et et o

3
:
§ ’
' 0
: 1 \PELE ml\ PROPELLER 4383
, . VY o SKEW = 72°
¢ X
i : \ BACK SHEET
i = 0, S CAVITATION
3 00 }— —0\' \ \
; 90 \
k: \ \ AREA OF NO CAVITATION ,
3 80
9 % X \ \vw, x =09
3 S 1
_ g N \
3 2 A\
: Z 60
] 2 _
& :
k : 50
3 4
, 0 ~ FACE SHEET
v N\ CAVITATION
A 10 )
T N DESIGN CONDITION -
‘ BACK BUBBLE[S-~ \\i + DS | x =08
: 20 ] ~ - =
A IVIV{UNATTACHED)  |x = 0.J
NETT
L { 0 N | === ==
! BACK TRAILING EDGE
2 0 05 X 0. 0.8 09 10 11 12 13
s ADVANCE COEFFICIENT, J
Ly
3 Figure 5¢
14 PROPELLER 4304
; SKEW = 108°
i 10
e "\ | ack seer
3 \ + | cavation
3 100 f——ns
3 oot ;\ AREAQF NO CAVITATION
901005
] " \ AXN
.‘ S
] =04 S \
g £ 00—t S
s 2 N TV,
: g &0 \ \k y =03 \\:vrvum ATTACHED)
X =] AY
3 S
3 = \ \ \ N\
‘-‘ >
4 . z ¥ \ \ \ [
pe W L \ ¥ \
N N\ \
. \ \ \ FACE SHEET
3 < \ Ioh ConprTIon CAVITATION
2 BACK sueau& DESICN CONDITIO
s ) NN D BACK TRAILING EOGE 1z 0.
3 -‘.. —— ’
8 10 T N ;# ‘
by —>>9 Y= 06 5
9 0 "
. 05 0.6 0. 08 09 10 11 12 13 N
v ADVANCE COEFFICIENT, J 2
Figure 5d
3

[Se]
o

Rt S et SERAIEE:

(XA TR PR i




T T

e b dpe ) s 1 g S NNI b T A o Rt o e

TR AT E TR, £ AT A TR TSP R

&

4
‘¥
3y !
iy
3 120 0
3 N Voskew=17
E ‘ ne l i }
') " l
33 VY s o
LE NN
iy 100 N4t
wov = o SKEW = 0°
¥ 90 N E
3 \ V. \ AREA OF NO CAVITATION

E ; 80 LIS
33 . W\ \ SKEW = 05)
q - . A

H 60 \\-:. FACE SHEET

ze PyRTm A\ \ CAVITATION /

2 CAVITATION |

£ 50 i ‘-

8 \ \

(%]

10 )
™ \
30 N
BACK BUBBLE s N DESIGN
(ALL PROPELLERS) N\ conorrion
‘ 20 <

A ] .““’%‘;\‘ .
i, 1.0 ., T ot
3 . N : =
2 >l P =~ | Ew =108
1 0 y
13 05 0.6 0.7 08 09 10 1l 12 13
ip ADVANCE COEFFICLENT, J
'%' P |
i

Figure 6 — Comparison of Cavitation Inception on the Different Propellers

TP

&
3
g
3
¢
S
>
%{j
%

R

ey

P

v oertar ot




L. y; e Y R TTRET  AALT S e A e s ;
Ry Cas A TR S e man e e g
A i 5 R e N A e )

(uonBlTABD JOBG MOYS S3YD}aYs)
S'€=0 L0 =[ — 'L undyy

= \& U

31410na0¥d3y 10N

saaubag goL = MaYS saaubag z/ = MaS sasubag 98 = MIS

0 S19qWINYN UOT)B}IAB)) puB

[ SIUBIDIJJO0) SOUBAPY POIOSIOS 18 UOIJBIAB) JO SUOHIBIISA[[] — ) @InTL ]




R -
o s,

e e et i -

s3a462aQ 801 = MaYS

IA

(uUoTnIBIIABD YOBQ MOYS SIYDIINS)
S'€=0°g'0=[ — q, 331y

= @ O

31819000443y 4y

saaubag g/ = MavS saaubag 9¢ = HIYS

pied
N

saoubag o = mayS

ed

tf)«./hﬂl‘.\.\ :

~eroa - -

Lo AR R T T 2 O . :
. Savas, O TN
xS R R g N M i s o e 0 e T e e 2 S

AT

Sl el

3

TR

o




s

Y 2 bRy AL s % SRS NN AL RO  aA S A

: S g B
T T B TR NS e ¥

V (UOTIBITABD YoBg MOUS SIYDIIHS)
p'1=0°cL8°0=[ — 2,31y

374919n00Y¥d34 10N

26

saaabag 8ol = MaNS saaubag g/ = MIS saa4bag 9¢ = MaNS saadfag g = MOYS

B e GO e oty VP TGRS

e




S

DS ala g

o

e i At WA .

s o= P et

B

il

R

ket

P

DN Y

aa d!

P

X 3

RO

saaubag 8oL = MaYS

2 arnisess

DA IEAG IO AT AT L R L

b

DIy

-

7 N s

(uorieiraEd }yOoBq MOYS $3YO3a4S)
6'0=20 ‘0°1l = [ — py 2314

L
-8
o
(&)
=
o
o
o=
o
wl
o
—
o}
=

R
L TG e T B S

R T AT A AT (Y 7 AT R ot R e

27

s

S Admeciae an s

Paror s R

AR O BT Ry




BeF LA et R DA IR e o S s § R O L S

}

(uone}TABD 358} MOYS SIYDIINS)
80=0 ‘I'T=[ — 9 a3ty




(uoniejraEd 30B] MOYS SIYDIIYS)
L1=0°C1=[— 3L a1y

=

saaubag g/ = MaYS

& @

saoubag 9¢ = MO




13

00

PROPELLER 438]
SKEW =

L1

0.9
ADVANCE COEFFICIENT, J
Figure 8a
30

0.6

Figure 8 ~ Thrust and Torque Breakdown Due to Cavitation on the Propellers

(-]
-
"
[
| | | |

£ < = 8 = = <

3 o < =

0.5

0.00—

0.10'—-0
2 osl—

O “INIINII300 INDNOL OWY "Ly “LN3IN2300 LSNEHL




O

e n l | T T I T T
PROPELLER 4382
SKEW %°

11
4
B 0.60}—
84 g
% &1 w
g3 E psl—
1 &
B ")
3 Y =
g 2
; g 0.40p—
i'D £
E“ E onl—
; 3
3 0.20}—
,:

TN T

A ey

PR | l | l | l l |

i B

05 0.6 07 [£] 09 10 11 12 13
ADVANCE COEFFICIENT, J

Figure 8b

31




] | | | | | i | |
| a
¢ - mmﬂ. —] e
) W
£5
Rs
-
— —2 g
=z
(23]
: ~
“ (&)
-t
=
b = & g )
(&) @ o
5 B
m [
— 15 5
— —5
- i
] 1 ] | ] ] ] | |
(=1 (-]
£ =« =& & & g =® & =2 5
Dyt *AN300143300 3DNOL 0NV *Ly *1N3I0143300 ASHUHL




THRUST COEFFICIENT, Ky, AND TORQUE COEFFICIENT, 0Ky

e

0.0

0.

Fd
S

2

0.10

0.0

| [ [ 1 l I I I

PROPELLER 4384
SKEW = 108°

| | I | |

0.5 0.6 0.7 08 0.9 10 11 12
ADVANCE COEFFICIENT, J

Figure 8d

33

13




gy ¢ TAREL SRS NS Bl R Ry I‘K“W, -
: sy g;f:‘ R A N iy 00 s
E o D R O AL s O S R 0732 LA D D S D IR T I Kt g+

REFERENCES

1. Boswell, R.J. and Miller, M.L., ‘‘Unsteady Propeller Loading - Measurement, Corre-
lation with Theory, and Parametric Study,”” NSRDC Report 2625 (Oct 1968).

2. Denny, S.B., “‘Cavitation and Open-Water Performance of a Series of Propellers De-
signed by Lifting-Surface Methods,’’ NSRDC Report 2878 (Sep 1968).

N |
L :
w—/
4. Teel, 5.S. and Denny, S.B., ‘‘Field Point Pressures in the Vicinity of a Series of
Skewed Marine Propellers,”” NSRDC Report 3278 (Aug 1970).

6. Shiba, H., ““Air Drawing of Marine Propellers,” The Transportation Technicel Re-,
search Institute, Tokyo, Japan, Report 9 (1954).

7. Delano, J.B. and Harrison, D.E., ‘‘Investigation of the NACA 4-(4) (06)-057-45A and
NACA 4-(4) (06)-057-45B Two-Blade Swept Propellers at Forward Mach Numbers to 0.925,”’

NACA RM L9LO05 (1950).

8. Cheng, HM., ‘‘Hydrodynamic Aspect of Propeller Design Based on Lifting-Surface
Theory, Part II - Arbitrary Chordwise Load Distribution,”’ David Taylor Model Basin Report

1803 (Jun 1965).
9. Kerwin, J.E. and Leopold, R., ‘‘A Design Theory for Subcavitating Propellers,’’

SNAME Vol. 72 (1964).
10, Schoenherr, K.E., ‘*Formulation of Propeller Blade Strength,”’ Paper presented at the

Spring Meeting of SNAME (Apr 1963).

11. ‘“Rules for Classification and Construction of Steel Vessels,”’ American Bureau of
Shipping (1964).

12, Boswell, Robert J., *‘Static Stress Measurements on a Highly Skewed Propeller Blade,’’
NSRDC Report 3247 (Dec 1969).

13, Thwaites, B. (editor), ‘‘Incompressible Aerodynamics,” Clarendon Press, Ox{ord (1960).

\'

14, Pien, P.C., ““The Calculation of Marine Propellers Based on Lifting-Surface Theory,’’
J. Ship Res, Vol. 5, No. 2 (Sep 1961).

R AT

34

ot BB s s

e

PERL AL S st e 400




